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Neutralinos are natural candidates for cold dark matter in many realizations of supersymmetry. We briefly
review our recent results in the evaluation of neutralino relic abundance and direct detection rates in a class of
supergravity models.
1. Introduction
The fact that most of the Universe is dark and
composed of new, exotic components has been es-
tablished over the years by means of various sets
of observations, which recently have converged
into a consistent picture where the Universe is
about critical and dominated by an exotic form
of matter and by an unexpected type of dark en-
ergy. In terms of the density parameter Ω, the
current view can be summarized as follows: the
total amount of matter/energy of the Universe is
Ωtot ≃ 1 at the 10% level and this is composed
of a matter component ΩM ≃ 0.3 and a vacuum–
energy component ΩΛ ≃ 0.7 [1]. The existence
of both dark exotic matter and dark energy asks
for extension of the standard model of fundamen-
tal interactions, since no known particle or field
can represent either of these components. In this
paper, we will deal with the problem of explain-
ing the observed amount of dark matter, which
we can summarize as: 0.05 <
∼
ΩMh
2 <
∼
0.3, and
with the studies related to the searches for dark
matter particles. For an updated review on these
subjects, see Ref. [2].
∗Based on work done in collaboration with A. Bottino
and S. Scopel and on a collaboration with A. Riotto and
S. Scopel on low–reheating cosmological models.
2. Neutralino dark matter in Supergravity
Supersymmetric models with R–parity conser-
vation naturally predict the existence of a sta-
ble relic particle. The nature and the properties
of this particle depend on the way supersymme-
try is broken. In particular, the neutralino hap-
pens to be the dark matter candidate in models
where supersymmetry is broken through gravity–
(or anomaly–) mediated mechanisms. The actual
implementation of a specific susy scheme depends
on a number of assumptions on the structure of
the model and on the relations among its param-
eters. This induces a large variability on the phe-
nomenology of neutralino dark matter.
The simplest and most direct implementation
of supersymmetry is represented by the minimal
supergravity (mSUGRA) scheme, where gauge
coupling constants are unified at the GUT scale
and at the same scale also the susy–breaking mass
parameters are universal. The low–energy sector
is obtained through renormalization group evo-
lution of all the parameters of the model, and
this also induces the breaking of the electroweak
symmetry in a radiative way. This model is very
predictive, since it relies only on four free pa-
rameters. However, neutralino phenomenology is
quite constrained [2–4] and also quite sensitive to
some Standard Model parameters, like the mass
of the top and bottom quarks (mt and mb) and
the strong coupling constant αs [3]. Less con-
2Figure 1. m1/2–m0 plane at tanβ = 30 in
mSUGRA. The dotted (red) region denotes where
the neutralino relic abundance lies in the cosmo-
logically relevant range 0.05 ≤ ΩMh
2 ≤ 0.3. The
light–dotted (yellow) area is excluded by experi-
mental and theoretical constraints.
strained susy implementations are obtained by re-
laxing the universality conditions (non–universal
SUGRA models [3]) or by defining the relevant
susy framework directly at the electro–weak scale
as an effective low–energy theory (low–energy
minimal supersymmetric standard model [3]).
Neutralino relic abundance in mSUGRA mod-
els is shown in Figs. 1 and 2. All the mSUGRA
parameters are varied [3] except for tanβ (the ra-
tio of the two Higgs vev’s) which has been fixed
at two representative values. Here and hereafter,
mb, mt and αs are varied inside their 95% C.L.
allowed ranges. We notice that for tanβ <
∼
40 the
requirement that the neutralino relic abundance
does not conflict with the cosmological observa-
tion on the amount of dark matter in the Universe
poses severe constraints on the mSUGRA param-
eter space. This is not the case for large values of
tanβ.
The results shown in Figs. 1 and 2 are valid in
a standard cosmological model for the evolution
of the Universe. The results may be quite dif-
ferent in models of the early Universe where the
Figure 2. The same as in Fig. 1, for tanβ = 50.
The dotted (red) light regions denote where the
neutralino relic abundance lies in the cosmolog-
ically relevant range. The hatched (blue) re-
gion refers to a cosmologically sub–dominant neu-
tralino, i.e. Ωχh
2 < 0.05.
temperature at the end of the reheating phase is
low [5]. In this low–reheating models, the strong
constraints which are induced on the mSUGRA
parameter space at tanβ <∼ 40 are strongly re-
laxed, depending on the actual value of the re-
heating temperature [6]. The requirement that
neutralinos provide a sizable contribution to dark
matter, i.e. that the neutralino relic abundance
lies in the range 0.05 <
∼
ΩMh
2 <
∼
0.3, implies that
the reheating temperature of the Universe cannot
be smaller than about 1 GeV in mSUGRA models
[6].
Direct detection relies on the scattering of
dark matter particles off the nuclei in a low–
background detector. The detection rate depends
on the neutralino–nucleus scattering cross sec-
tion, which is usually dominated by the coherent
interaction, and is sensitive to the local proper-
ties of the neutralinos in the halo, i.e. its local
abundance ρχ and its local velocity distribution
(for a recent and exhaustive analysis on this top-
ics, see Ref. [7]). The current sensitivity of direct
3Figure 3. Scatter plot of the values of the prod-
uct ξσ
(nucleon)
scalar between the scaling parameter ξ
and the neutralino–nucleon scalar cross section,
vs. the neutralino mass mχ, for a generic scan
of the mSUGRA parameter space. (Red) crosses
refer to 0.05 ≤ Ωχh
2 ≤ 0.3, while (blue) dots de-
note configurations with Ωχh
2 < 0.05. mb, mt
and αs are varied inside their 95% C.L. allowed
ranges. The shaded (green) area [7] shows the re-
gion which, for a relic particle with pure coherent
interactions, is compatible with the annual mod-
ulation effect observed by the DAMA/NaI exper-
iment [8].
detection experiments on the neutralino–nucleon
cross section is: few · 10−10nbarn <∼ ξσ
(nucleon)
scalar
<
∼
few·10−8nbarn for neutralino masses in the range:
30 GeV <∼ mχ <∼ 300 GeV [7]. These ranges
takes into account a large variability of galac-
tic halo models [7]. The quantity ξ ≤ 1 mea-
sures the fraction of local dark matter to be as-
cribed to the neutralino [3,7]: ρχ = ξρl, where
0.18 <∼ ρl/(GeV cm
−3) <∼ 1.68 [7] denotes the
local value of the total halo dark matter.
Fig. 3 shows the results of our theoretical cal-
culations in the mSUGRA scheme. The quan-
tity ξ, which determines whether the neutralino
is a dominant or sub–dominant dark matter com-
ponent, is calculated according to its relic abun-
Figure 4. Scatter plot of the values of the neu-
tralino local density ρχ which are compatible with
the current direct detection sensitivity, vs. the
neutralino relic abundance Ωχh
2, for a generic
scan of the mSUGRA parameter space. The hor-
izontal (blue) dashed lines delimit the allowed in-
terval for the total dark matter density, as ob-
tained in the recent analysis of Ref.[7]. The verti-
cal (red) long–dashed lines show the range where
the neutralino relic abundance lies in the cos-
mologically relevant range. The slanted dashed
band delimits the region where the neutralino lo-
cal dark matter density is reduced, with respect
to the nominal values for the total local dark mat-
ter density, proportionally to the average density
of neutralinos in the Universe.
dance as: ξ = min(1,Ωχh
2/0.05) [3]. The closed
shaded area [7] represents the DAMA/NaI region
which is obtained when the annual modulation
effect observed by the DAMA Collaboration [8] is
interpreted as due to a dark matter particle whose
interactions with nuclei are dominated by coher-
ent scattering. A careful and exhaustive modeling
of the galactic halo properties has been performed
in obtaining the region showed in Fig. 3 [7].
The question whether current direct detection
sensitivities are probing dominant or subdomi-
nant relic neutralinos may be answered in terms
of the plot shown if Fig.4, which translates di-
4rectly in terms of astrophysical and cosmologi-
cal quantities the direct detection results [3]. By
considering the current interval of sensitivities
on the quantity [ρχ × σ
(nucleon)
scalar ], the calculation
of σ
(nucleon)
scalar allows us to determine the values
of ρχ which are required, for each susy config-
uration, in order to provide a detectable signal
[3]. Fig.4 shows the calculated values of ρχ vs.
the neutralino relic abundance, for the mSUGRA
scheme. We see that a fraction of susy models
overlap with the region of main cosmological and
astrophysical interest: 0.05 <∼ Ωχh
2 <
∼ 0.3 and
0.18 <∼ ρχ/(GeVcm
−3) <∼ 1.68. For points in this
region, the neutralino is the dominant component
of dark matter both in the Universe and at the
galactic level. For points which fall inside the
band delimited by the slant dot–dashed lines, the
neutralino would provide only a fraction of the
cold dark matter density both at the level of local
density and at the level of the average Ω, a sit-
uation which would be possible if the neutralino
is not the unique cold dark matter particle com-
ponent. On the other hand, configurations above
the upper dot–dashed line and below the upper
horizontal dashed line would imply the somewhat
more unlikely situation of a stronger clustering of
neutralinos in our halo as compared to their aver-
age distribution in the Universe. Finally, configu-
rations above the upper horizontal line are incom-
patible with the upper limit on the local density
of dark matter in our Galaxy.
3. Conclusions
We can certainly define the following items as
the current main issues and open problems in
particle dark matter studies: i) to explain the
observed amount of dark matter in the Universe
(0.05 <∼ ΩMh
2 <
∼ 0.3) by finding suitable particle
candidates; ii) to detect a relic particle. We have
shown that for both of these issues, there appear
to be good prospects of success, especially for the
most studied candidate which is the neutralino.
In particular, there are many susy schemes where
relic neutralinos can provide enough cosmologi-
cal abundance to explain the observed amount of
dark matter, and at the same time they can have
detection rates large enough to be accessible to
detection. Clearly the occurrence of this particu-
larly interesting situation depends on the actual
realization of supersymmetry. The observation of
a signal from dark matter, like for instance in the
case of the annual modulation effect observed by
the DAMA/NaI Collaboration or of signals which
could hopefully come in future experiments, can
be very important not only for astrophysics and
cosmology but also for particle physics, since the
need to explain such effects can help in deriving
properties of particle physics models and possi-
bly discriminate among different realizations, for
instance of supersymmetry.
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